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In 1743, W. Hunter made a sobering statement, ‘from
Hippocrates to the present time, it is universally allowed
that ulcerated cartilage is a troublesome thing and that
when once destroyed, it is not repaired’. Later in 1853, Sir
James Paget expressed a similar opinion when he stated
‘there are, I believe, no instances in which a lost portion of
cartilage has been restored or a wounded portion repaired
with new and well-formed permanent cartilage in the
human subject.’
Until about 5 years ago, an effective treatment for
damaged articular cartilage in the knee (either from trauma,
osteochondritis dissecans, or wear) was not available.
Currently, it is known that full thickness articular cartilage
defects penetrating to the subchondral bone heal by a
proliferation of granulation tissue from the marrow spaces
of which one part may become ‘shiny cartilage’ through a
mesenchymal cell differentiation. But the fate of partial
thickness defects (superficial defects), which do not violate
bone, is far from clear. It may be that the rate of healing is
dependent on the maturity of the articular cartilage. Young
people may have a better prognosis for healing. Differ-
ences between weight bearing and non-weight bearing
areas of a joint and between one joint or another, e.g. the
knee and the talus, may also be a factor. Chondrocytes are
inefficient for stimulating a significant repair reaction in
partial defects but they show a heightened metabolic
activity that seems to lead to a remodelling of the surface.
This remodelling can help prevent gross fibrillation and
destruction of cartilage from occurring for a certain time
after an injury.
Today, because of the frustration during the past 20
years with most of the methods utilized to induce partial or
total repair, a spectrum of new surgical methods have been
explored. A great interest in these techniques has evolved,
not only from surgeons but also from basic scientists and
industry.
When addressing the healing patterns of cartilage
defects, one must define the difference between repair and
regeneration. Repair is replacement of tissue with new but
not identical tissue. Regeneration is the formation of an
identical tissue. In the human body, only few cell types are
capable of regeneration including hepatocytes and bone
cells.S3Traditional methods of repair
The surgical repair methods used most extensively in
the past have been drilling of the defect as described by
Pridie1 or abrasion chondroplasty as initiated by Johnson2.
Unfortunately, these methods have not stood the test of
time. Although the appearance of the fibrocartilage may be
good for some time, it does not survive because its mech-
anical resistance is poor. If the drilling or abrasion chondro-
plasty is combined with an osteotomy, the result in the
unloaded joint may do somewhat better.
Recently, Steadman has popularized a revival of the
original method of Pridie, not by drilling holes but by picking
small adjacent holes in the subchondral bone with the
microfracture technique3 migration and differentiation. The
microfracture technique is promising and is useful mainly
for osteoarthritic lesions in conjunction with osteotomies
done for unicompartmental weight relief and for lesions of
the tibia that are virtually inaccessible with other tech-
niques. I have used this method routinely as an adjunct to
arthroscopic debridement prior to an osteotomy. Steadman
states that, in presence of bare bone in the depth of the
ulcer and marked sclerosis, the defect may first be abraded
with the burr, but he is uncertain about the potential
benefits. When performing the microfracture technique, the
bone chips created from the lesion should not be removed
so as to allow better fixation of the fibrin clot and thus
enable formation of repair cartilage. The picks need to be
impacted a few millimeters deep and separated from each
other by a similar distance.Address correspondence to: Dr R. P. Jakob, Department of
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After 10 years of experience, Brittberg et al.4 introduced
the autologous chondrocyte implantation (ACI) method.
The ACI method involves injecting human chondrocytes
under a flap of periosteum that has been sutured onto a
debrided full thickness defect. A biopsy of the chondrocytes
is retrieved during a diagnostic arthroscopy from the full
thickness of the cartilage at the condylo-trochlear surface
or anterior to the intercondylar notch. The chondrocyte cells
are cultured in human or bovine serum or a defined
medium for 6 weeks before implantation. After implantation,
the several millions of injected chondrocytes proliferate,
which is facilitated by the pluripotential periosteum whose
cambium layer is facing towards the bone. After 2 to 3
months of weight relief, the patient’s cartilage defect fills in
and becomes secured through collagen matrix production.
The ‘regenerated’ tissue is able to withstand moderate
mechanical loads sustained also by the thin layer of
S4 R. P. Jakob et al.: Isolated articular cartilage lesionremaining periosteal skin that covers the defect. In crater-
like defects of osteochondritis dissecans, a thick layer of
the regenerated cartilage fills the defect. It is not clear how
long it takes for the original tidemark (the junction of the
bone to the cartilage) to remodel. Moderate sports activity
can be allowed 6 months after surgery; heavy loads in
contact sports can be allowed only after 1 year.
The advantages of this technique are:
• Unlimited surface can be covered without creating donor
site pathology.
• Hyaline-like cartilage is formed with smooth surface.
• Good results when used on femoral condyles.
The disadvantages are:
• Two operations are necessary.
• Less good results in patellofemoral joint.
• High costs of manufacturing the chondrocyte suspen-
sion.
• Long duration until full loading capacity and sports can be
safely allowed.
• So far, insecurity about durability.
To date, almost 300 cases in the U.S.A. are registered
with the Genzyme Carticel Registry. The data show 80%
good and excellent results with the formation of hyaline-like
cartilage. With more than 10 years of follow-up, Peterson
has observed that his results show long-term relief of pain
and improved quality of life.
There is no doubt that this new technology that pro-
cesses and cultivates chondrocytes from an autologous
cartilage biopsy into a therapeutically effective implant
circumvents the complications of graft rejection and viral
transmission by returning the patient’s own cells for
transplantation. It is certain that this rapidly evolving treat-
ment option will involve a most sophisticated system of
production and assurance of quality control to prevent
processing failure and cross-contamination of patient cells.
It is therefore understandable that the costs are relatively
high.Fig. 1. The SDS Soft Delivery System (Sulzer Orthopedics Ltd) for
retrieving and inserting osteochondral plugs includes the following
features. The extractor is partially split and can be expanded by
means of the conical expulsion plunger to reduce expulsion force
and thus decrease the impact force on the cartilage.Autologous osteochondral transplantation
Autologous osteochondral transplantation was first
described by Yamashita et al. in 19855. Matsusue et al.6
published the results of their first three cases in 1993.
In 1996, Hangody et al.7 reported 5 years of experimental
and clinical data. Bobic8 used the method mainly in
arthroscopic technique.
Today, there are about five different instrumental tech-
niques that have been developed. One technique, the soft
delivery system (SDS) was developed over the past
3 years (Fig. 1)9. With a recipient extractor and hollow
burr cylinder, holes are generated; fine fragments which,
eventually, will receive osteochondral plugs retrieved from
donor-sites located elsewhere, either in the same or in
different joints are retrieved from the cartilage deficient area
of the lesion and are processed into small pieces for later
filling up and grafting of the donor sites. Plugs about
0.1 mm bigger in diameter are now retrieved as donors
from the periphery of the condylo-trochlear borders of the
patellofemoral joint or from around the intercondylar notch.
From the same or from a contralateral joint the plugs are
inserted side to side in the recipient site. They measure
about 14 mm in length and are well anchored in healthycancellous bone. With this technique, 60–90% of the defect
can be covered according to the tightness of the fit. In a
defect of 2 cm2, about 5 plugs of 6.4 mm in diameter are
seated. After 2 months of partial weight bearing, patients
are allowed full activity. Heavy sports are delayed to
4 months postoperatively. Slowly the plugs are incorpor-
ated and the defects fill with fibrocartilage induced by
mesenchymal metaplasia from the defect ground. Biopsies
taken at 6 months after implantation show intact hyaline
cartilage on plugs and fibrocartilage as well as fibrous
tissue in between. Provided the graft can be fixed and
anchored with stability in well vascularized cancellous
bone, there is no concern regarding the osseous inte-
gration. Durability has been shown over 5 years of
observation by other authors7,8.
It would certainly be interesting to know whether this
technique creates donor site pathology. Complaints in this
regard are very seldom expressed (less than 5%), probably
due to the phenomenon called ‘cartilage flow’. Ghadially10
has described how the neighbouring hyaline cartilage
‘grows’ in the defect to decrease its diameter initially from
6 mm to 4 mm and the remaining defect fills with fibro-
cartilage. With 312 years experience with this technique and
having operated on over 80 patients, we are convinced
that autologous osteochondral grafting is an economical
and relatively benign procedure that uses old principles
of osteochondral transplantation with a new technique
of fibrocartilagineous repair in between the plugs. Of
65 patients with posttraumatic chondral lesions, osteo-
chondritis dissecans or osteoarthritis of the knee joint,
52 patients did well and estimated that their total function
Osteoarthritis and Cartilage Vol. 9 Suppl. A S5had changed from an average of 40% preoperatively to
80% postoperatively. On the average the patients did not
have more than a 2.5 grade pain intensity (on a scale of 10)
on the visual analogue scale at follow-up. Of 11 patients
with lesions of the talus (posttraumatic or OD) we found a
‘satisfaction index’ of 75%. In four patients operated for
avascular necrosis of the femoral head we dislocated
surgically the hip joint and grafted the necrotic area with
plugs retrieved at the knee joint. The results at 112 years are
subjectively classified as satisfactory by the patients.
Advantages of the autologous osteochondral grafting:
• One-step procedure (economic).
• Stable fixation that allows patients to resume function
rapidly.
• Return to sports at 4 months.
Disadvantages:
• Donor site pathology.
• Limited number of donor grafts (maximum of 12 plugs for
a defect of 2×3 cm).
• Uneven surface, tide mark irregularity due to different
thickness of cartilage transplants.Future developments
In the future, it is foreseeable that more finished
autologous cartilage implants will become available
through advanced time engineering that resembles a disc
and contains the proper composition of hyaline cartilage
with appropriate distribution of chondrocytes and collagen
types. The implant will be preferably fixed in a less
cumbersome way than with a periosteal flap and may utilize
thin mosaic plugs that may allow at the same time more
rapid loading. Certainly with rapidly evolving tech-
niques, we will be able to help our patients even more
efficiently with durable surgical implants that are free of
contamination.References
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